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METHOD FOR DETECTING PRB-CANCBROUS OR CANCERO US CELLS 
USING P90 ANTIBODIES OR PROBES 

This application . is a continuation-in-part of PCT 
Application No. . filed June 25, 1993, which 

is a continuation-in-part of U.S. Serial No. 08/013,649, 
5 filed February 17, 1993, which is a continuation-in-part of 
U.S. Serial No. 07/904,766, filed June 26, 1992, which in 
turn is a continuation-in-part of U.S. Serial No. 
07/730,185, filed July 12, 1991, which in turn is a 
continuation-in-part of U.S. Serial No. 07/543,963 filed 
10 June 27, 1990, all of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

15 Mutations of proto-oncogenes in somatic cells are 

increasingly being recognized as significant in the 
induction of human cancers. Some examples of oncogenes 
formed by such mutations include: neu, fes, fos, myc, myb, 
fms, Ha-ras, and Ki-ras. The mutations that convert proto- 

20 oncogenes to oncogenes are often point mutations. Much 
needs to be learned in order to understand how oncogenes and 
their expression products function to transform normal cells 
to cancer cells . 

25 Oncogenes are generally believed to act in a dominant 

fashion. This is generally considered to mean that the 
conversion of a proto-oncogene to an oncogene results in the 
acquisition of a new function, i.e., enhancing 
transformation. 



30 



A different type of mutation associated with cancer 
occurs when a tumor suppressor gene is altered in a way that 
causes the product of the gene to lose its tumor suppressor 
function. An example of such a tumor suppressor gene is the 
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retinoblastoma susceptibility gene, Rb . Tumor suppressor 
genes are sometimes called recessive oncogenes, although, 
strictly speaking, the products of tumor suppressor genes do 
not contribute to tumor formation. The phenotype is 
5 recessive since, when both alleles are mutated, the absence 
of a tumor suppressor gene results in an enhancement of 
tumorigenesis . 

A gene product that exhibits some properties of both a 
10 dominant and a recessive oncogene is the 53kd 
phosphoprotein, p53 . Evidence is growing that mutations in 
the p53 gene is associated with a large number of many types 
of cancers. For example, Iggo et al . , Lancet 3_35, 675-679 
(1990) has expressed the opinion that p53 is the most common 
15 proto-oncogene to undergo mutation in lung cancers. 

Much of what is known about p53 has been derived from 
studying the effect of transfecting wild-type and mutant 
murine p53 in rat embryo fibroblast cells. This work has 
been reviewed by Levine et al . , "The P53 Proto-Oncogene And 
Its Product," in common Mechanisms Of Transformation By 
Small DNA Tumor Viruses , L. Villarreal, ed., American 
Society for Microbiology, Chapter 2 ( 1989 ); Hinds et al . , 
ibid, Chapter 7; and Levine, BioEssays 12, 60-66 (1990). 
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The p53 gene appears to be involved in transcriptional 
control (Fields, S. & Jang, 5. K. (1990) Science 249, 
1046-1049; Raycroft, L., Wu, H. & Lozano, G. (1990) Science 
249, 1049-1051; and Levine, A. J., Momand, J. & Finlay, C. 
A. (1991) Nature 351, 453-456) and may act as a regulatory 
check point in the cell cycle, arresting cells in the G-l 
phase (Martinez, J., Georgoff, I. & Levine, A. J. (1991) 
Genes Dev. 5, 151-159; Hupp, T. R. , Meek, D. W. , Midgley, C. 
A & Lane, D. P. (1992) Csii 71, 875-886; and Yin, Y., 
Tainsky, M. A., Bischoff, F. Z., Strong, C. C. & Wahl , E. M. 

2 
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(1992) Cell 70, 937-948) . Genetic alterations of the p53 
gene, such as intragenic mutations, homozygous deletions, 
and structural rearrangements, are frequent events in human 
cancer (Vogelstein, B. & Kinzler, K. (1992) Cell 70, 
523-526; Baker, S. J. et al . (1990) Cancer Res 50, 
7717-7722; Mori, N . et al . (1989) Cancer Res 49 , 5130-5135; 
Lee, J. H. et al . (1990) Cancer Res 50, 2724-2728; Varley, 
J. M. et al. (1991) Oncogene 6, 413-421; Presti, J. C. et 
al. (1991) Cancer Res 51, 5405; Dalbagni, G . , et al . (1993) 
Diagnostic Molecular Pathology 2, 4-13). These altered 
patterns of P 53 either reduce or inhibit the activity of 
functional hcmotetramer units (Stenger, J. E., et al. (1992) 
Mol Carcinog 5, 102-106; Sturzbecher, H. W., et al . (1992) 
Oncogene 7, 1513-1523). Mutant p53 proteins have a 
15 prolonged half-life and retarded degradation, yielding 
accumulation of inactive complexes and self -aggregatory 
molecules in the nuclei of tumor cells (Sturzbecher, H. W. 
et al. (1987) Oncogene 1, 201-211; Halevy, O. et al . (1989) 
Afol Cell Biol 9, 3385-3392), 
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In humans, germ-line mutations of the p53 gene have 
been characterized in members of families affected with the 
Li-Fraumeni syndrome, a rare autosomal dominant trait that 
predisposes these individuals to develop a variety of 
tumors, including soft tissue sarcomas (Li, F. P. & 
Fraumeni, J. F. (1969) Ann Intern Med 71, 747-752; Malkin, 
D. et al. (1990) N. Engl. J. Med. 250, 1233-1238). More 
recently, P 53 germ-line mutations were also detected in 
cancer patients with no apparent family history of cancer 
30 (Toguchida, J. et al . (1992) N. Engl. J. Med. 326, 
1301-1308), as well as a subset of patients presenting with 
a second primary neoplasm (Malkin D., et al . (1992) New Eng 
J Med 326, 1309-1315). In addition, somatic mutations of 
the p53 aene have been reported to occur in soft, tissue 
sarcomas (Stratton, M. R., et al . (1990) Oncogene 5, 
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1297-1301; Mulligan, L. M. , et al . (1990) Proc Natl Acad Sci 
USA 87, 5863-5867; Toguchida, J: et ai . (1992) Cancer Res 
52, 6194-6199; Drobnjak, M. et al . (1993) Submitted ; Latres, 
E., et al. (1993) Submitted). 

5 

Another gene that has been identified as having 
oncogenic potential is the murine double minute-2 (mdm2) 
gene (Fakharzadeh et al . , (1991) The EMBO Journal 
10(6) :1565-1569) . The sequences of the murine and human 

10 mdm2 genes and proteins are known (Fakharzadeh et al . , The 
EMBO Journal 10 ( 6 ): 1565-1569 (1991); Oliner, J.D. et al . 
(1992) Nature 358:80-83; and Cahilly-Snyder et al . , Somatic 
Cell and Molecular Genetics, 13 (3 ) :235-244 (1987)). The 
sequence is evolutionary conserved among species including 

15 mouse, rat, hamster and human genomes. (Cahilly-Snyder et 
al., Somatic Cell and Molecular Genetics, 13 (3 ): 235-244 
(1987) ) . 
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The mdm2 gene is also referred to in the literature as 
MDM2, MDM2 and hdm2 (the human homologs) and mdm2 (murine) . 
The mdm2 gene product, which is a 90 kD phosphoprotein, is 
referred to in the literature as p90, which refers to both 
murine and human homologs, and MDM2 , which is the human 
homolog. The P 90 protein is described in applicants' 
related publication, Levine et al . , International 
Application No. PCT/US91/04608 , filed June 27 , 1991. Where 
dm2 is used throughout this application, it is meant to 
encompasses the various terms in the literature for the mdm2 
gene and protein, including homologs among all species. 



There is evidence for MDM2 amplification and MDM2 (gene 
product) overexpression in both osteo- and soft tissue 
sarcomas (Oliner, J. D. et al . (1992) Nature 358, 80-83; 
Ladanyi, M. et al . (1993) Cancer Res S3 , 16-18; Leach, F. S. 
35 et al. (1993) Cancer Res 53, 2231-2234). 
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The human homolog of the mdm2 gene, called the hdm2 
gene or MDM2 or MDM2, has been cloned and mapped to the long 
arm of chromosome 12 (12ql3-14) (Oliner et al . 1992. 
5 Amplification of a gene encoding a p53 -associated protein in 
human sarcomas. Nature 358.: 80-83) . This region contains two 
genes, SAS and GLI , previously found to be amplified in 
osteo- and soft tissue sarcomas. The SAS gene codes for a 
protein of unidentified function. It was isolated from a 

10 malignant fibrous histiocytoma (MFH) , and was shown to be 
amplified in MFH and liposarcomas (Turc-Carel, C. et al. 
{1986) Cancer Genet Cytogenet 23, 291-299; Meltzer, P. S. et 
al. (1991) Cell Growth Diff 2, 495-501) . The GLI gene codes 
for a DNA-binding zinc finger protein. Even though it was 

15 originally isolated from a glioblastoma, it has also been 
reported to be amplified in a rhabdomyosarcoma and an 
osteosarcoma (Kinzler, K. et al.(1984) Science 236, 70-73). 

Prior to the present invention, it was known that 
2 0 mutated P 53 is associated with cancer. Futhermore, it was 
known prior to the present invention that overexpression of 
mdm2 is associated with tumors. However, there has been no 
disclosure prior to the present invention of the 
relationship between altered p53 and dm2 genes and their 
25 altered patterns of expression in cells and .how to utilize 
this relationship to diagnose as well as to determine the 
clinical relevance or prognoses of cancer patients. An 
objective of the subject invention is to utilize the 
relationship between p53 and dm2 overexpressed or amplified 
30 genes to diagnose cancer as well as to determine the 
prognoses of cancer patients. 

SUMMARY OF THE INVENTION 

3 5 The subject invention provides a method of diagnosing 

5 
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cancer bv determining the level of P 53 and dm2 in a 
bioloaical sample, whereby an elevated level of either p53 
or dm2 or both p53 and dm2 indicates a cancer diagnosis . 

A further objective of the invention has been met by 
providing a method of predicting the progress of cancer by 
determining the level of p53 and dm2 in a biological sample 
whereby an elevated level of either P 53 or dm2 or both 53 
and dm2 indicates a poor prognosis. 

The invention further provides a method of classifying 
a biological sample into one of three groups, the method 
comorising determining whether the level of either p53 or 
dm2~ in the sample is abnormally elevated, whereby the rxrst 
group comprises no abnormal elevation of either the level of 
p53 or dm2, the second group comprises abnormal elevatxon of 
the level of p53 and no abnormal elevation of the level of 
dn.2 or abnormal elevation of the level of dm2 and no 
abnormal elevation of the level of P 53, and the third group 
comprises abnormal elevation of the level of both P 53 and 
dm2 . 

The invention further provides a method of detecting in 
a biological sample cancer cells or cells at risk of 

25 becoming cancerous or pre-cancerous , wherexn the cells 
contain at least one " normal P 53 allele. The method 
comprises determining whether the level of dm2 xn the 
biological sample is abnormally elevated, whereby an 
elevated level of dm2 in the biological sample in comparison 

30 to normal biological samples indicates cancer cells or cells 
at risk of becoming cancerous or pre-cancerous. 

The invention also provides an isolated P 53/dm2 protein 
complex and antibodies to the dm2 protein. 
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BRIEF DESCBTPTION OF THE FIGURES 

laurel: This figure indicates epitopes of the P 90 

^~I7that react with the anti- P 90 monoclonal antibodies 
5 o= the invention. The anti- P 90 monoclonal antibodies 
reduced by hybridomas 1F5. 6C10. 1D6. 4B2, 2E12 3F3 3G5. 
3F8, 6H7, 2A9, 3G9 , 1D11. 2A10. 1G2 , 4B11 and 5B10 are 
indicated beneath the P 90 amino acid epitope map at 
locations of the map indicating the epitopes with which such, 
10 antibodies react. 

Figure 2: This graph shows the overall survival of 211 
^I^T with soft tissue sarcomas over a perrod of ,0 
months . 

£isnM _ l! Thrs graph shows p53/»*i2 elevated levels and 
in the group of 211 patients (see Frgure 2, wrth 
soft tissue sarcomas. The phenotypic categories shown rn 
ch e graoh are as follows: Grou^: dm2-/ P 53- <»~«"~£» 
nor p53 had elevated levels,.- Grou^B: d»2,/p53- and d»2- 
and flaffl.* d»2 + /p53 + .elevated levels of both dm2 
and p53) . 

*~v* illustrates immunos taining 
Figure 4 : This photograph illustrates 

. u- =nH anti-D53 antibodies. ine 

25 oatterns using anti-dm2 and anci p^j 

control group refers to the top two slides The top left 
slide shows a staining pattern of a 3T3-Balb/c eel me. 
whrch is dm2-. The top right slide shows a starnrng pattern 
ft 3T3-DM oell line, which is dm2+. The mrddle two slrdes 
30 show a staining pattern of human tumor tissue sections taken 
£r om the same patrent. The middle left slrde snows a pM- 
staining pattern, and the middle right s.roe shows a dm 
staxnrng pattern (corresponding to the Group B subset p53 
subset described below, . The bottom two sUaes show 
35 a staining pattern of human tu^or tissue sectrons taken from 
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a different patient. The bottom left slide shows a P 53 + 
staining pattern, and the bottom right slide shows a dm2 + 
staining pattern (corresponding to Group C described bexow) . 

5 

DETAILED DESCRIPTION OF THE INVENTION 

DEFINITIONS : 

10 p53 : , 

For the purposes of the present specif icatxon, the term 

■•wild-type" p53 means the nucleotide or amino acid sequence 

reported by Matlashewski et al . , EMBO J. 13, 3257-3262 

U984); Zakut-Houri et al . , EMBO J. 4, 1251-1255 (1985); and 

15 Lamb and Crawford, Mol. Cell. Biol. 5, 1379-1385 (1986 

The sequences are available from GenBank. Wild-type p53 

includes a proline/arginine polymorphism at ammo add 

and the corresponding nucleotide polymorphism. 

Mutations of wild-type P 53 genes and proteins indicate 
pre-cancer and cancer states. A pre-cancer cell xs a cell 
that typically has one normal P 53 allele and one mutated P 5 3 
allele For examole, the mutation may be a point mutation, 
in a cancer cell, both P 53 alleles are usually mutated. For 
25 examoie, one mutation may be a point mutation, and the other 
mutation may be a deletion of all or a significant part or 

the p53 gene. 

30 The dm2 of this invention refers to a famxly or 

proteins that includes a phos chop rote in of 90 kD ( P 90), its 
fragments or products, including proteins P 85 (85 kD) p76 
(76 kD) P74 (74 kD) and P 58-57 (58 kD and 57 kD) ( P 57 xs 
th- murine equivalent to the rat p58) , and homologs or 
analogs thereof. The P 53 protexn co-xrnmunoprecipitates wxth 
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the dm2 protein. The dm2 protein includes the known, 
sequenced murine double minute 2 (mdm2) 90 kD 
phosphoorotein. Furthermore, the term »dm2» refers to genes 
encoding for the family of dm2 proteins described above. 
5 The seouence of the mdm2 gene and protein is disclosed by 
Fakharzadeh et al . , The EMBO Journal 10 ( 6) : 1565-156 
(1991); and Cahilly-Snyder et al., Somatic Cell and 
Molecular Genetics, 13 (3 ): 235-244 (1987)). Sequences 
homologous to the p90 dm2 are present in the genomes of 
10 several species including human ("hdm2"). The human gene 
has been sequenced and has a molecular weight of 
approximately 90 kD (Oliner, J.D, at al . (1992) Nature 
358-80-83), as well as rat, mouse and hamster. in a 
preferred embodiment, the dm2 gene and protein are human. 

dm2 proteins of approximately 90 kD clearly, and P 58 
most likely,' binds to P 53 . 3T3DM cells derived from Balb/c 
3T3 overproduce the five mdiu2 protein species in response to 
the amplified mdm2 gene copy. 

Elevated Levels of dm 2 and / or o 53 ldm2_t ""d/or o53 + ; 

For the purposes of this specification, elevated levels 
of dm2 and/or P 53 in a cell may indicate dm2 or P 53 gene 
25 amplification, or of dm2 or P 53 protein proauct 
overexpression or Accumulation in a biological sample, such 
as a cell Elevated levels of dm2 or P 53 protein are a 
measure of total dm2 or P 53 protein in a biological sample^ 
preferably a cell, whether free protein or in a complex. In 
30 some cases, the dm2 protein elevated levels in the absence 
of dm2 amplification indicates the formation of 
heterodimers/heterotetramers between dm2 and mutated p,3 
products. Mutant p53 proteins have a prolonged ham-lire 
and retarded degradation, and therefore accumulate 
35 cell nuclei. P 53 missense mutations represent the majority, 
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*c» of the D53 mutations detectable by 
least about 85%, of th. P wiidhtyp. P=3 



• , However, in some ca^=, 

immunochenustry. Howe olevate d levels in tumor 

g enes and proteins are detected at _le 



tissue . 



Ai n r- r>S3 in a biological 
M elevated level indicates 

a cancer cell or cell inc lude but is not 

cancerous. A blolcxc. - P£ »* Qr biolo gical 

a biological sample rnto one ^ p53 or 

5 comprising determining whether - ^ abnomally 

^ or hoth P 53 and » ^ abMrtoal 

elevated. The first group, Group A. ^ (pM . /<w ., , the 

elevation of either the level P elevat ion o£ the 
second group. Group Bt ^T7l ^ of the level of P« 

20 ievel of dm2 and no abnormal ele ^ o£ ^ and 
(pS3 ./a-2*). or abnormal elevatr ^ (pS3+/( «., , and 

no abnormal elevation „ abnorMl elevation of 

25 ,. „ h „ that classifying altered 

The invention demonstrates y significant 

patterns of dm2 and P 53 express 10 n ^ ^ q£ 

Lr the diagnosis and P-d.ct.on of tne c^ 
patients with various types f or 
30 sarcomas. '-c^s an include sarcomas, such as soft 
Particularly, sucn ™ S sarcoma s . In another 

C1 ssue sarcomas ano ° sc - ogen cancer s. Other 

embodiment, the cancel blaoo^ ^ 

35 tr"- tricar, adrenal corte, bone, breast. 

10 
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n ocvtic leuKemia, and chronic myelogenous 
b rain. chronic 1 invenCion provides a method o 

ieuxemia. Therefore . ^ obca ining a biological 

assessing a *«t, prognose y ^ ^ 
sample from pre-cancer issue o ^ ^ or c the 

5 determining to which of the t ^ categ ories, the 

b iological sample belong ^ ^ ^ £irsC 

third group indicates the 
gr ouP indicates the Pest prognosis. 

10 Grou I _S_SJ251±Zds2±I= 

for detecting a cancer 
The invention provides or pre-cancerous. 

c.11 or ceil at risx of P^J^ mutanc p53 allele, by 
1S wherein the ^^X-d levels of dm, are present, 
determining whether eiev 

exoectedly demonstrates that elevated 
The invention unexpec Uy with elevated 

ievels of dm2 protein act syne a ^ ^ ss 

20 levels of P53 protein iBClud « ^ ^ b£ 

overexposed wild-type forme of ** * the p53 + / dm2 + 

detected as elevated levels « clinlcopa thologrc a l 
g roup .see Figure 4, , resul ing ^ ^ 

veriables of poor P^sis , i- Group c indicates the 
nf the three groups, 
25 progression. Of the and Figure 3 show that the 

„orst prognosis . Example ele vated levels or dm2 

immunological detection of abnormal y ^ ^ ^ ^ 

end P=3 in the same tumor sections ^ ^ ^ or ^ 

vety Peer survival when compared t^ ^ ^ _ , £ these 
elevated levels) and B tele 



30 

proteins) 
This 



e . as discovered by the 
is unexpected tranS criptional 
in ventors, dm2 protein ^ have expected elevated 

35 activity, and therefore one mxght not 
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Xevels of dm2 protein in a cell with elevated levels of p53 
protein . 

argue I <P53- '* <«"< ™ A T"j3+/a»2-). 

Group B oo^ins two subsets, normal levels of : pS3 with 
* ^ i i^-/dm2-) and elevated levels of 
elevated levels of dn2 (p53 ^ Q£ the three 

sr-jr? ZZZZJZZZ - «... 

10 but better prognosis than Group C. 

subset t>53h '*-•»- " f " rQUT? B: 

The detection of elevated levels of P 53 , such as 
The aececL protexns , 

15 mutated or overexposed wxld-typ [f'J and cancer 

j „ 0 uc rontaimng mutant piJ genes <^ 
p53 function, and cells concainx y , p , ial 

P , have an enhanced tumorxgenic potentxal . 

protexns have « wild - tyP e P 53 protein may 

Furthermore, elevated lev ^ ^ 

protein and increase its concentration. 

25 subget .Si- ''- 1 ' " f nroup B: 

The invention unexpectedly de m onstrates that elevated 
levei ro£ «W confer a similar property on cells, such 
Ih as B^B/c 3T3 cells .3T3 PK cells, or pre-can er 

30 cancer cells, as does pH 
hHo rells that express nign xeve-^ 
;::; S eln g ain C an enhanced tu^enic potential in animals. 

• i-hat- with regard to the p53- 
The invention provxaes that, w_„n y 

rha nreserce of normal levels of wild 
35 /dm2 + group, despite the presence or 

12 
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typ e P53 allele or alleles in a cell, elevated levels o £ dm. 
stance the tumorrgenrc potential of the cell. 

» method of detecting a cancer 
The invention provides a method nre _ canC erous 
m risk of becoming cancerous or pre cancer 
cell or cell at rxsk jf wild . 

wherein the cell contains » t comprising determining 

tyP e P53, or normal levels of P , sainple is 

whether the level or dm2 xn the ^ the 

ahnormally elevated, meaning ™ e Figure 4) . 

level of dm2 in normal biological samples, (see 

Pre cancer -^^t^^. of P53 and,or «. 0 £ 
to factors *-« «^ the best prognosis, 

the three groups, Group a inu 

Amo] j fixation: 

;5 Mpl ification o. the ~ 

using methods well *»« ^n the a ^su ^ ^ ^ ^ 
prob -c-o-- t Hrgh so PV hem woccingi Md ^ 

example, be detected Nort hern blotting (see 

amounts of RNA may be detected us, g ^ (ig81) . 

n t and Powers, V.E., uex- 
30 George, »■«■• «^ , , 1;1199 . 12 03 ,1985); and Singh, 

r^'aones, K.W KucleiCcidsKes.. »:S«7-5«. • 

Q ^Sf 0 t : dm2 and P53 protein in the biological sample 

13 
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1 P " ° r " HL o53 aene mutations. In one embodiment 

are associated «ith P« g OTer expression in 

o£ the .- = - e ^ nt f on : o£ chree groups by estimating 
tumors is classified scaini „g : (a) negative 

C ne percentage o£ tum ° r nU nom ogeneous <>70%> . 

0 «20%), (b) heterogeneous (20-70.1, 

In another embodiment o £ the invention, th< . elevated 
* * o 4 «, detected by a method indicating that a pre 

normal biological samples, such as cells. 

prepared in accordance wxth the meth °^ ,. Monoc lonal 

" • ^Afi. 1275-1281 (1989). See Campbell, 

Science 246. 1^'= characterization of 

i-hp Production and Cnaracceii^a 
Antibody Technology, The .roau 

25 — 6 ^e— tr^is^rdtoiecuiarBioiog,, 

Methods ™-I £ i:-^rr m :i::r amino acid 
30 ^ere^-w- oncogenes are described by HcCormrc* et 
al. in U.S. Patent No. 4,798,787. 

Briefly, polyclonal antibodies may be produced by 
^JZ /host mammal, such as a rabbi, ^ e, ra , or 
35 goat, with the p53 protein or a rragment the.eoC 
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20 



25 



hhar distinguish between mutant p53 and 

r™ ; n 5 rr P :::: d : - — — - 

* .. . hvn _ seaU erce or the mutant sequence. Sera 
contain the wild-type sequence « ■ 

proteins. . 

in order to produce monoclonal antibodies, a host 
molecule being detected. 

=hort to be immunogenic, it may 
Tf t-hp fragment is too snore «_u 

Ld tfa caroer molecule. Some suitable carrxer 
b e ~ n ^"^° e a k :; h r ole limpec he mocyanin and bovine serum 
molecules include keynol methods known in 

the arc. one cvste ine residue on the earner 

of the fragment with a cystexne 

molecule . 

The peptide fragments maybe synthesized by methods 
IZ art Some suitable methods are described by 

t:; in - ^ 

Edition, Pierce Chemical Company (1984). 



^nr the co-immunoprecipitation of 
Suitable antibodies x.or cne 

carboxy-termmus of p5^ rrom 
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j „ t d53 and is described by Harlow et al . 

h - n ' ^ I? v r4 ogy 39, 861-869 (1981). Ab2 is 

in the Journal of Vi.oiogy o_, 

with the same antibodxes . 

•u S rp recovered by centrifugation. 

The — =^ - ™ om J e colunn , « My 

10 blowing «;-; o X ; co^^x by means of SDS PACE, 

be separated from the ^ sequenced . This 

The single band at 9 complex , 
invention also provxdes „ ith p53 from 

obtained by the coimmunoprecrpitatrng 

15 a variety o£ transformed cells. 

described by Aebersold et al.. Proc. 
84, 6970-6974 (1987) . 

20 ' nrovides hybridomas expressing 

This inventxon provxdes ny Droduc t . 

mc ,cclonal antibodies against the (p90 > * 

«f hhese hybridomas are deposxted ac 
Certaxn of these hy Accession No. HB 

Type Culture Collectxon (ATCC) . ^ 
, n11 ( ATCC Accessxon No. hB 11x00;, 
25 11182); mt^ii184) • 2A9 (ATCC Accession No. 11185) ; and 

Accession No. HB 11184) . 2A9 ( Hybridomas 3 G5 , 4B11. 

4B2 (ATCC Accession No. . , Pursuant to, and in 

^ /in? were deposited pursuant 
2A10, 2A9 and 4B2 , were QP Bud aoest Treaty on 

satisfaction of, the retirements of the ^apest ^ 
30 the international Recover, of t ^ ^ 

Microorganisms for the Purposes of Patent P 

r Uir - m« HB 1US, HB 11135 and HB iiise. 
35 respectively* 
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— ■ o^iio is determined by 
Th leva o ^ and/c , ^ recognizing ampU£ied or 

c ac cws known xn tne ait «~a-f 

5 assays Kn „ nd/or p5 3 genes or proteins, 

overexpressed dm2 and/or pa- 9 

* 3 , sa vs are available for detecting 
A variety of assays are one _ step aS say, the 

•t-v, labeled antibodies. In a one seep 
proteins with labeled . ^ .^ ohilized and 

L0 target molecule * ' The la beled antibody 

.ncubated with a label molecule . After washing to 

binds to the immobilized targ assa yed for the 

remove unbound molecules , the sample xs —V 
presence of the label. 

15 , steD assay, immobilized target molecule is 

In a two-step assay, molecule- 
inC ubated with an unlabeled antibody. The ^ ^ a 

unlabeled antibody complex, xr P«"^' unlabe led 
second, labeled antibody ^J^^J^ the presence 
20 antibody. The sample is washed and assay 
of the label, as described above. 

using imaging methods. 0 ^ ^ 

25 contacting the tumor ^ cell ^ The mechod ts 

antibody labeled with a detects antibody 
perfora ed rirbobbd to the « is 

reU 0 , ttbebT— and detecting the «. 



30 



35 



varv depending upon the application. Howe, th cho 
mar ; e t is readily determinable to one ^ >§ 
These labeled antibod.es may oe used „ x ^ 
as in histological applications to detect 
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, v, led antibodies may be polyclonal or 
tumor.. The labeled ant ^ antibodie s are 

m ° n0Cl0na i- and Lr Z anybodies deposited with the A TCC 
monoclonal, and are 
listed above. 

of the invention, the label 
In preferred J'JX*; or a chromophobe 

may he a radioactive . an ^ ^ ^ 

moiety, some exiles of radro hors eradrsh 
„=. and C». Some examples o e ^ , ida ... and 

peroxidase, alKaline ^^Zse Some examples of 

P glu cose-6-phosphate and rhodamine 

ch romophoric moxetres labels by methods 

Th e antibodies may he ^con^at ^ chromophor , 

Known in the art. For ex P ancibodie s by means of 

moleoules may be conjugated diald ehydes, oarbodiimides , 
coupling agents such ^ conjug ation may 

dimaleimides , and the • suitable ligand- 

occur through a 1^°^^.. brotrn-avrdrn or - 
receptor pairs include, to 
„ Itreptavidin, and antibody-ant.gen. 

. nst th e dm2 protein may be used to 
Antibodies agarnst the ^ ^ ^ or 

detect elevated levels of <* are dire cted at 

.issue, m one emboarment. in sic „ using 

25 epitopes o£ dm2 These methods have 

3 0 or recurrence. 

6C10 1D6. 4B2, 2B12 , 3F3 , 3G5, 
The hybridomas Its. < 4B lland5BlO, some of 

3F8 , 6H7, 2K9/3G9. 1D11. 2, 10. ^ « ^ produce 
which were deposited wxth the (seg 
mo noclonal antibodies ag.xnst dm 



35 

18 



PCI7US93/06163 



' WO 94/00603 



with both murine 

Figure 1( . T he — ^ l «^ as wtJ other speeds. 
£ riVse^ee conserved between the 



species 
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15 



In another enfcodimen, nZ ^ cH^ 

the refore increase the amount »l « ~ Assays »a y be 
o£ . subject. ™ere -re a ays sue ^ ^ ^ ^ 
used to detect normal levels 
in cells or bodily fluids. 

► • to B io<d<dm2_j^ndiJ2^^ 

^^ejlinoJarJ^^ 

p53. 

be used to screen tor therapeutics to 
Assays may be use< \ The subject xnventxon 

inhibit dm2 binding to P therapeuCic which forms a 

discloses methods for "^."f"^^ co prevent the 
complex with dm2 with * 3 . T he methods 

aeieterious binding o dm2 to « ^ assay3 „ here 

, include various assays, mcludi g contacte d with 

che dm, is i-obilized to a support^ 

botn wild-type . and e . cher consecu tive order, and 

simultaneously or i c e££ecti „ el y competes 

determining whether th su££iC ient to prevent 

5 uich c „e « iia - We . 1 P i f 3 1 ."l o5 3 „ another embodiment, the 
binding of dm2 to wild-type pb ic is unlabeled, 

wild-type P53 is labeled and th. there* .^.^ „ . 
In a further embodiment the P ^ ^ 

Support, and is -"^^""l^ labeled therapeutic, . 
3„ therapeutic for uhlabe ^ ^-d . ^ ^ ^ ^ 
and determining whether the am che 
is reduced in comparison - - ancl -di»2 

ch eraoeutic added. The dm2 may be labeleo 
antibodies of the subject invention. 
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In one embodiment, the method comprises: 

h ,,-it-h a ^redetermined amount of 
a) contacting a solid suppo - ho ,- h p surface 

^ u „der conditions pitting 0-2 to cq 

onrh as by using an anti aiu^ 
5 ° £ r P °d^' to the solid support; b) removing any « 

tether the dm2 to tne ro r>tacting the solid 

which is not -^"d^rC ; « h P53 under 

supP crt to which the *a : ^ binds tQ the bound 

conditions such that tn rem oving any unbound 

10 dm2 and fo-s a complex ""^^ so forroed with a 

P53> C -" Ctin \ ^ 'f r^eTb'eled with a detectable 

predetermined amount of. the sample poce ntial 

m ar*er under condit! ^"^J^.. wit h the wild- 
therapeutic present rn the sam^ ^ ^ 

l5 type P53 for ^"^^ of Xabeled potential 
aetermimng ^ ^ solid supporti and g> thereby 

therapeutic not bouno concentration of potential 

— -7* srsr« s ::nicauy « « to 

therapeutic in the saiuy 
20 block dm2 binding to wild-type P53. 

, ho r-P^dilv determined by one 
The choice of solid ^ support m y be ^ solid 
skiUed in -rt^J- on. ^ ^ 

support is a bead formed ot ^ . n the 

25 solid support is a microwell. The ^ 

in tne art. It is P^« >^ rir .; n a fluorophore, a 

an enryme. a paramagnetic = ta *^ ilotop . . M ore 

chromophore a heavy metal. ^ _ ^ ^ pre£erably , 

30 P r et :n^e th is m Lrseradish peroxidase or Valine 
phosphatase. 

* ,hi, method is wherein the potential 
A further embodiment of this ™ etho * comprises 
f . labeled with an enzyme and step i 
35 therapeutic is laoei^u 
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■ fne labeled potential therapeutic which was not 

zzz ::: ^ - -™ r^: 

substrate to the entyme a detectable 

enzyme reacts with the 
5 product, 

• ' also provides a method of 

The subject invention also P hams ters 

inrluding mice , rats, i«» 

treating cancer in mammals includ g bindlng 

. and humans. which comprises q£ this meChod 

10 of dm2 to wild-type p53 One e wild . cype p53 by 

comprises blocking the ^ f ^« ^unt of ant.-d^ 
contacting the dm2 witn me thod comprises 

antibody . -other embo« ^ ^ ^ 

blocking the binding on dm2 lc p53 antibody . 

15 the dm2 with an excess o an a ^ anCibo dies may be 

In another embodiment, dm2 ^ anscripti on promoter 

administered which do not block th 

o£ p53 . m another method for tr^ng^ ^ _ ^ 

ma y be used to replace the , «1 f-d ^ ^ ^ 

20 number of dm2 genes to regulateele ^ thetapy 



dm2 gene. 



Me thods for determining ^a 
be conducted by methods known in be ^ ^ ^ ^ 
m ethod for determining whether p53 P ^ ^ ^ ^ 
is described by Finlay et . • in Mol . an d Cell . Biol . , 
531 -539 (1988) and by Hinds et . . chese papers 

3„ 2 . 2863-2869 .1987,. rj^^-nt. with anti-pS3 
involves co-immunoprecipitacion exp 

and a nti-hsc70 antibodies. 
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I ^ t jon_o£_cDN^i2ES^ nreDared trom HeLa cells was 
X Xgtll CD., " b "^J re c P D ;" as prob e under reduced 
5 screened with the mouse «M <= £rom posiciv e 

T - Tmro the B^escrlpt vector for further 
ph ages and subcloned into the contaiai „g the entrre 

characterization. ** l J^ £rom w overlapping clones 
coding region was recon struct ^ (Sapger 

10 and completely sequenced « in9 c hain-terminatmg 
et al. »77. » ; L U!M 63-5467,. 

inhibitors. Proc. Natl. Acad. 

X cDNA clone ^ ined region o£ the hdm2 coding 
oontained the H-termmal codr 9 init iation codon. 

region, truncated at the f zrst -t ^ ^ „ 

Thi s cOXA was «=^ ined ;; o t u h c Bad r sequence and the first 
obtain a coding regzon le a then ins erted into the 

20 methionine. This coding seguence ^ _ 

pQEX1 vector (Quiagen, to o ^ ^ N . termi nus of 

£r ame with 6 hxstzdzne resid introduce d into E, 

hdm2 . The expressron Plas-d ^ ^ ^ by N1 _ 

£2li . the Histidrne-hd^ fuszo^ phy . The - 5 or 

25 ^-agarose >^ pu" preparation has a m ohiUt Y 

rlHi^ translated 

- -r-v, t-he E. coli produced 
Balh/c .ice "-f^re prepared using standard 
3„ hdn.2 protein. "^'"^u^ immunosorbent 
orocedures. and — ed f ^Tn vitro translated hd!a2 

aSSay . in and "ctone P s lC w a ere established by three rounds of 



protein . 
cloning 
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Tsoj ^ Hnn of human dm2 cDNA. 

a Xgtll library constructed from HeLa cells was 
screened using the mouse mdm2 cDNA under conditions of 
reduced stringency. A total of 14 positive clones were 
< solated and the cDNA inserts subcloned into the Bluescnpt 
vector fcr further analysis. Preliminary restriction 
m appmg and partial sequencing showed that ^represent 
partial clones for the human dm2 cDNA (Fakharzaaeh, S S. et 
al 1991 Tumorigenic potential associated with enhanced 
expression of a gene that is amplified in a mouse tumor cell 
line EMBO J. 10:1565-1569) - A full length coding region 
was constructed from two overlapping cDNA clones and 
sequenced. The DMA sequence of this cDNA clone, designated 
hdm2, is similar to the published hdm2 sequence (Olxner. 
JD et al 1992. Amplification of a gene encoding a p53- 
associated protein in human sarcomas. Nature 358:80-83), 
with complete identitity within the coding region and a few 
differences in the noncoding regions. The fact that these 
two CDNA clones were obtained from two very 
sources (HeLa cell vs. colon carcinoma), yet have id«ntxeal 
coding sequences, suggests that they may represent the wild- 

- svstematic mutation is 
type hdm2 coding sequence or a syscemau 

present in different cancer cells. 
25 Example 2 

A cohort of 211 soft tissue sarcomas of adults that were 
clinically and pathologically well characterized were 
analyzed in this example. In a subgroup of 73 patients 
tumor and normal tissue specimens were available This 
group of 73 patients was used to address the molecular and 

. , . ■ ^ t-ne studv. However, 

biological considerations o, tne =tuay. 

clinicopathological correlations were conducted using 

i^unohistochemistry and information regarding 211 patients 

35 with soft tissue sarcomas obtained from a frequently updated 
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f clinic] and pathologrcal information available 
dataoase of clwxwai P qloar . Kette r-ing Cancer Center, 

for patients at Memorial Sloan Kette_ 

S^^— v, , of 211 adult oatients affected with soft 
Of the cohort of 211 -dulc ^ ^ 

(STS) used ror *• 



10 



15 



tissue ..«»» <STS1 »•« — »" arcomas , 53 

lesio ns enalyzed „ 
leio myosarcomas 22 m , (pt]ST) _ 13 

£lbrOSaK 1 rhabdomyosarcomas, and 18 

synovia! ■» e0B "; The ma3 ority of STS analyzed 

undifferentiated sarcomas. gaining 

planted as primary ™ ^ ' J metastati e <n=41, . 
la sions were either "-^^ unknown . o £ the 2X1 
Presentation ^ status in two «»• ^ as high gra de 

STS analyzed, 169 cases w e 

while 39 tumors were considered to De 
sarcomas, while 39 unknovm . The median and 

lesions. The grade of 3 ««" nts were 29 and 

me an follow-up times for this coho t o p ^ ^ 

34 months, respectively. Complete 

availatde for 209 of the 211 patients. 

^or specimens were embedded in ; J^™^' 
soxution .OCT compound. Miles laboratories El* «rt. 
snaD frozen in isopentane ^ J^.^ „ ( each 
ReP resentative hematoxylin-eosin sta- d « i ^ 
block, were examined microscopically to co 
of tumor, as well as to evaluate , percen ge ^ 
comprising these lesions uere als o 

Adjace nt tumor and normal tissu P 2U cases 

, collected for molecular genetic assays £roien 
(s ee below). These tissue samples were ^ 
afC er surgical removal ar.o stored at 



excraction . 
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encoded gene product were us ^ ^ amino _ 

5 Antibody 4B2 detects an ep P ide ncify two 

— re gl on. ^^l^ o£ P 90. Antibody 
distinct epitopes in tne che carboxy -termmal 

4B11 recognizes a sequence antibodies detecting 

region o £ P 90 . Three «"^^ t . used £o r the present 
10 different epitopes on pd3 P oncogene Science, 

study . Anti-p53 antibody PAbl 01 <Ab ^ 

^asset^ ^jZZZZJr^r* 
amino acids (aa) 32 to ^ ^ J Biochem 159. 

pS 3 proteins (Banks. L. et • oncoge ne Science) 

ls 529-534, . Antibody »W« <Ab • aa 

recognizes a conformational epitop^ ^ ^ product3 
to 335 characteristic 1S9S -16M> . Antibody 

(Gannon, J. V. et al. 119901 reacts spe cifically with 

PAb 1620 IAb-5, oncogene Scienc ^ ^ ^ J s _ 

20 wild type P53 (Ball. *' se monoclon al antibody of the 
1405-1491, . MlgS-Kp I. ^ _» ^ antlbodies , was 

Tel r.C^- control at similar working dilutions. 

25 The ayidin-biotin perokidase methoc (was P-*-^. 

- thick frozen tissue "£ tlon . we re incubated 

acetone ,1.1 dilution , . Br V ^ Tectaika 
£or 15 minutes with 10% by . two hour incubation 

corp.. Westchester, ' - antibodies (2A9, 4B2 and 

3 o -*^^?r^.^-~'~-r as . 

4B11 were used at ^ ^ ^ ng/ml; ^.3 at 250 

1:1000 dilution) (Ab-2 was ^ exte nsive washing, 

ng/ml and Ab-5 at 3 ug/m _ 3Q minutes with 

sectlons were subsequent ^ *» ba - at 1;200 

35 biotinylated horse ant 
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, • ca) and avidin- 

— -vector >*^-jZ?Z£L- « l.» 
bioti- peroxidase «»* -^ s ^ bmliai „ (0.06% DAB) was 
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independent investigators s^orr J ^ p9Q and 

of tumor cells that showed classi£ied into three 

p53 nuclear »-»™ e « ,C """. nega tive «20% tumor cells 
categories defined as follows. 9 , 20 _ 19% tumors 

displaying nuclear stern ng h ^ ^ „„ 

otlt "11 nuclear staining, . 

„v,« of 1.6 kb, pHDM 
A human dm2 cDNA fragment probe ^ 
(B eoRI>. was used in Southern «^ ^ as . 

amplification. A b-actrn probe q£ aUelic 

control. Two probes were used tor ^ ^ 

deletions of the short a ™ , 17 pl3.1. P". BgllD • 

(1 7pl3.3. D17S5, TaqI > as descr ibed (Prestr. J. C. 

southern analysis was pertormed q ^ al 

; et al. (1991.) CM " r " e „ patWog v 2, 4-13). Briefly, 

(1993 ) Diagnostic »^ ec " J " ' method developed by 

DNA was extracted by the non orga ^ ^ ^ 

Oncor (Oncor. Gaithersburg. MD1 fr» - ion en2y mes, 

samples , digested with the biQtted onto „ y lon 

„ electrophoresed in 0.7% agarose ^ ^ Hybrisol 

m embranes. The membranes war prehy ^ ^ 

I (oncor, at 42«C for one ho- and ^ ^ 

iabelled to high -^washed and subjected to 

overnight. "" g Ttensifying screens at -70«C. 
35 autoradiography using 
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Bensitometry using »£rZ£^~£Z~ 

Betascope 630 Bio. « / ^ consi 'dered to 

performed to con £l » J» resu Its ? ^.^ 

aecr.se rn o. - £ - 

in the tumor samples (Presto • • ^ 5Q> 

51, 5405; Olumi, A. F. et ax. 
10 7081-7083). 

rTTr ^F-nTTF.NCING . 

Thes e studies were perform * ^* 
modification o £ the method ^ ; » ££«. tloM wer e 

performed using 100 ng B were obtained 

samples described above . 5 through 9 o£ the 

20 from introaic -^"/^ oreviousiy published <Moii, 
*»"» P» gene fences be n 9 ^ d ^ ^ $>> . 
U. M. et al. (1992) Proc « (30s at 94 „ c , 

DNA was amplified following 30 cycles ,^7, 
30s at 53-C for exons 8 and 9 and 63 C ^ 
25 end finally 60s for all ^ ^ samples „ e re tben 
Cy cler ,Per*in Klmer C«u.» . acrylamlde gel 

denatured and loaded temperature for 12- 

eontaining 10% glycerol and run a ^ ^ ^ 

W hours at 10-12 watts. 0.1. «r 4 _ i5 „ 

30 vacuum and exposed to x-ray film at 

™> for seauencing assays was 
Mapiification of genomic DNA se 

« Hhah used for SSCP analysis, using " 
independent of that used - ^ and 9Qs ac 

(60 s at 94-C. 60S at 58=C and 63 C ng poinC 

35 72-c, DNA fragments were isolated from 
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: nurified and sequenced by the didecxy method 

agarose gels, purxfxed a ^ ^ ^ ^ ^ 74> 

( !:r 5 467) F ' "Both scrands were sequenced for 
5463-5467). Both containing 

analyzed, and genomxc DNA - Darallel to confirm the 

wild-type P53 were sequenced xn parallel 

mutations . 



10 




15 



-PU £ ^» o £ the dm2 gene 
ad ult so, U T = s f^^tntl, aetected in 
fol4 . a* ^™ an in lou grade ,4 cases, STS^ 

high grade (7 eases) observed in metastatic (3. 

^mentions were ^comas «4 of 48 cases, 

f 11 cases, 27%) than xn prxmary 



o 

8%) . 



. . _ ^ f R nti-dm2 antibodies 
T he pattern of i^unosta.nrng of jot * ^ 
^ ncina 3T3-Balbc ana ^ 
!0 was first assessed using reported co 

strong nuclear staining was see proC eins; 
ha ve an amplified dm2 gene and tc ^ have very 
whi le Balo-c cells were -"active -gur^ ampli£ied cases 
Xow levels of dm2 protein^ , isplaying nuclear 

25 showed over 20. t umo - However, the 

-immunoreactivities with anti-dm2 »" b oE che 62 

remaining 5 cases were -reactiv^ Se ^ 

cases with an ^J^T detected h, the dm2 
ele vated levels o dm2 pro te ^ phenotype) . 

30 antibodies usxng tissue sec 

^TMnPF.ACTIVITlES. 

7 3 pairs of sortie and tumor DNA were examined with 
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. = for th o short arm of chromosome 17. 

t wo ^^"- en \ Pr0bS o l f a °^ C o£ ' chromoS ome 17 were found in 27 
Deletions of the sno.. arm of c ^ ^ q£ 

Qf 51 ( 53%) informal -ases observed in both 

■^r tr ok) of chromosome 17p was ooserv- 
heterozygosity ,.OH> of chromosom e 17p LOH was more 

5 low and high grace sarcomas Ch ^ ^ ^ 

freouently found m metastatic (b 
primary (13 of 33 cases, 41%) tumors. 

t-ho ^oecific intragenic 

T ° T 5 Tas they relate to P 53 overexpression in 
L0 stations of PS3 « they ^ y ^ sscp (exons 

these cells, 7. bib followed 
through 9) an d those ^f the presence of a 

by DMA seguencxng Confx ^ ^ ^ STS 

mutation was revealed m ^ ies for antibody 

j nuclear immunoreactivities 

15 displayed p53 nuciea characterized by sequencing 

PAb 1801. Point mutations were c ^cter QC transitio ns, 
i„ 7 of these 11 sarcomas, 5 showed AT to ^ 

rr ^ n A T transitions. in * 
while 2 were GC to ^ AT ^ ^ sequencing was 

mobility were deteotea oy 14 mutant 

2 „ condueted to identify the mutation- ™° ^ pAbl801 . 

case s showed "co^lSS, produeins a atop 

One mutatxon was .dentrfxed ^ de , etion ac co don 278, 
codon. Mother ease a The other mutation 

ng a stop codon at ^» ^ donor site . All 

25 occurred in axon chromosome 17p status but one had a 

informative mutants for chro ^ addit ion, 13 

concomitant deletion of the sh t . _ without 

a nositive nuclear scammy 
cases showed a posici study _ 

evidence of point mutations tor th- 



30 



« of the 2H STS analyzed displayed a 
Overall, 56 of the -i- , ainin a for PAblSOl 

- immunos taming 



35 



oositive nuclear pattern ^ forence between P 53- 

(TableD. WaS a ^^^^e Moreover, patients 

positive phenotype and tu»o. irtmun oreactivities 
affected with STS that showed P 53 nuclea 
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in ove 
rates 



r 20 % tumor calls had significantly reduced survival 
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TABLE 1 



Soft Tissue Sarcomas 
High Expression of P 53 and mdm-2 



mdm-2 over- 
expression 



r.^3 over- 
ov prpssion 
22 



v ki normal totals 



54 



76/211 
(36%) 
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10 



^^^^^^ 

n f 73 cases exhibited an 
Only one of the subgroup of 73^ ^ ^ ^ & 

^Ufied dm2 and a ^ J 22 q£ a total co hort of 

metastatic immunoreactivities for 

211 cases showed positive nuc ^ tissue secti ons 

both dm2 and P 53 protexns i molecules , in 

(Table!)- ^^"^^r-expressed, was in general 
cases on which they were combined phenotypes 

he terogeneous. ^^^53- and dm2-/p53 +; and 

(Group A-. dm2-/p53-; Group hologica i parameters, 

Gr oup C: dm2+/ P 53 + ) versus ^ phe notype 
, a correlation was observed between ^ ^ 

an d variables for a poor ^ the best prognosis, 

conclusion that Group A ~«« la t progn osis (see 

and Group C correlates wxth 



20 



Figure 2) 



ExamBle 3 



25 of immunoprecipitatxng * ■ * he pre cipitate and 

monoclonal. 

30 one ^ £ o, na, — » - 

is as follows: 




35 



• fraomert is at a concentration of 0 
The P 90 protein fragment 

32 



WO 94/00603 



I 

PCT7US93/06163 



Ionizations are given a, follows: 

in 700 ul PBS plus 200 Ul RIBI (adjuvant) 
Day 0 25 M in 200 £ P ribi (adjuvant) 

^ 7 5 ! M Tn U PBS olus 200 Ul RIBI (adjuvant, 

Day 14 50 ug in 200 ^ - 

Z 2S " ST M i- *- » - S ^ RIBI 

TV S -ft ^itn SO M in 200 ,1 PBS plus 200 ,1 

° Day 59 r/eo -- 7 days a £ ter last injection assay 
Day 62 Exsanguinate 

„, a aved by ELISA, coating wells at 200 
Bleed s were assayed y ^ ^ ^ t ^ afc 37 . c . 

.5 ng/well overnight at - c. incubate 2 hrs . at 37°C. 

Make serum dilutions « 1% BSA anti -rabbit 

secondary antibody i - - ^ incubate 37 , c £or , 
peroxidase - oat. #6420, absorb ance 0.400 at 

hr . sera titered out to 1.2500 ^ ^ 

- 450 nr™larrT £v ~ Peroxidase Substrete 



25 
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■PYample A 

1Ft - 6C10 1D6, 4B2, 2E12, 3F3 , 3G5 , 
The hybridomas 1F5, 6C , 5tt0 deposited 

3F8 , 6H 7, 2A9, 3G9 , 1D11, 2A1 . ^ antibodies 
with the ATCC (see above) P«^ ce „ Thefoll owing 

agaxnst P 90 protein V"**"^^ and other an t i-p90 
pro toco 1S use ^™tttoir a" <or detects the «2 
antibodies * s *™ p90 protein , by iOT nunohistochenucai 
gene -coded produc ; ^ p9 P ^ ^ 
methods in tissues, y 

• ri in-biotin xtnmunoperoxidase technique is 
The aviain-Dio^ 1 - 11 
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stable due to the hi a h sens, » £j* ~ ^ . 

sections of nonnal - » ^sections are then 

cry ostat and placed on " hydrogen pe roxide 

incubated with bloc^ng -r^ f onc^we y , ^ ^ 

5 and avidin-biotin bloc^n. at an appropriate 

p9 „ antioodres -e concenC ration is empirically 

concentratron^ The aP p per£orming citratrons. 

determined for eacn a biotinylated secondary 

sections are then incubated wl th brot y 

10 horse anti-mouse antrbodres ^ ^ ^ 

peroxidase complexes The ^ c „ scained with 

"rr/mounred with permount for final analysis. 

» — - — p^ 1 tt h t^r:re 

^1^: sine for chos t.sues examined 

in these cases, the monoclonal antxbo 
elevated levels of P 90 protein xn cells. 

20 IMMUNOHISTOCHEMISTRY 

AVIDIN-BIOTIN-PEROXIDASE METHOD 
PARAFFIN EMBEDDED TISSUE SECTIONS 

25 1} Place 5 p. txssue sections on polyline -ated 
slides . 

• snr ov-n for 3 0 minutes to melt 

Place sections xn 60C ov_n 

paraffin. 

Cool slides a, roo, temperature then process for 
deoaraffini.atxon and rehydration: 
* xvlene - 3 times (5 minutes each) 

100% ethanol - 3 times (3 mxnutes each) 
95 % ethanol - 3 times (3 mxnutes each) 



2) 

30 

3) 
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5) 



6) 



10 



wash in distilled H 2 0and transfer to PBS. 

. . ^ HO for 15 minutes to eliminate 
Quench witn 1< H 2 0, to- 
endogenous peroxidase activity. 

Wash in PBS - 3 times. 

, that contain biotin (such as liver, kidney, 

7> t tiss ::: ******* 

A r to eliminate endogenous biotin activity, 
in order to elimi subsequently (Avi din, then 

with each solution. 



15 g) Wash in PBS. 

9) B„^e digestion - «»- -iection decerned 
^ically as optimally for eacn anybody. 

2 0 Common enzymes: 

• n (Porcine Stomach Mucosa, Sigma): HCL (250 ml 
Pepsin (Porcine grams pepsin 

distilled H 2 0 + 200 Ul HCD 

incubation 30 minutes. 

25 Tvue I Sigma): 250 ml TRIS + 

TrypS in (Bovine Pancreas Type^ ^ ^ ^ ^ 

0.0625 grams trypsin — ^ trypsin 

dis tilled H 2 0, ^ fl25 . ^ wpsin inhib itor . 

inhibitor (Sigma) : 250 ml fbs 

30 , „ n ml TRIS + 0.0055 gms 

Pronase (Calbiochem Behring) : 250 ml 
pronase — > incubate for 4 minutes; 

Sigma) - ready to use, dropwise, 
Ficin (suspension - Sigma j 

35 incubation 45 minutes. 

35 
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^ 950 ml distilled H 2 0 + 0.125 gms 
saponin (detergent - Sxgma) : 250 ml 
Saponin -> incubation 30 minutes. 

■ , n distilled H,0 and transfer to PBS . 
10) Wash slxdes xn dxstxixe . 

5 „ m _ 10% normal serum (speoies 

11} APPly blocking se- Bec0O dary antxbody) - 

specific - same species 
incubation 20-30 minutes. 

. Qff the blocking serum and apply 
10 12) Vacuum suction off t _ incubatlQ n 

appropriately dxlut- ^.„ r . The primary 
overnight at 4C xn anti -p90 monoclonal 

antibody is selectee <™ fc ^ 1F5f 
antibodies produced by th ^ ^ # ^ # 

6C1 °< 1D6 : n 4B J G2 4B11 and 5B10 . appropriate 
1D11, 2A10, 1G2. -Bi d is an empirically 

dil ution of the prxmary antxbody 
determined optimal concentratxon . 

•,h PBS — > 3 changes (5 minutes 
20 13) Extensive washing wxth PBS 
each) 

' Ut-lY diluted b.otinyiated secondary 

rxrrr^^s —on. 

25 PRq (3x5 minutes). 

15) wash wxth PBb 



30 



W : d ™"--> nation 30 minutes 
ratio A B) 

17) Wash with PBS ,3 x 5 minutes, . 

18) substrate <*»T'"!j£^(0.06% DAB) 
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2A10 . 1G2. "11 and 5B10 . The 
6H7. 2A9. 3G9. 1B11. ^ ^ anCibody is an 

appropriate ^"° n °' conce ntration, typicaUy 

^pirically ""^^^ supernatant /phosphate 
X-1000 volume/volume of hyorr 
s buffered saline (PBS) 

9 wash extensively in PBS. 

roorrately diluted hiotinylated seconded 
1 n AoolY appropriately 
10 antiU -30 ^nutes inoufcatron. 

U. Wash with PBS - 3x. 

, * (Vector) dilution 1:25 (equal 
15 12 Avidin-bxotin complex (Vector) 
ratio AsB) " 30 minutes. 

13 . Wash PBS and PBS/Triton - 3x. 

20 14 ^dLldl— 

5 minutes . 
15 . Hematoxylin counterstain . 
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CLAIMS 



We claim: 

-„rr p.nrpr bv determining the 

1 A mSCh r "I TTIZ:Z7 sample, —by an 
le vel of P53 and to* in - « p53 apfl ^ 
elevated level ot either p53 or dm 

indicates a oanoer diagnosis. 

2 . A method o £ predict ^^^L^. 
fining the level of P> a ^ - ■ . ^ ^ ^ ^ p?3 
whereby an elevated leve^ ot 

and dm2 indicates a poor prognosis. 

r levTr, alter p, «- ^ ^ * 
abnormally elevate d, where* h st ^ ^ ^ ^ 

abnormal •l™'^,",^ ele vation of the level o £ 
second group comprises aon q£ ^ or 

p53 and no abnorm* 1 elevation^ of^ ^ ^ ^ 
abnormal elevation of the compr ises 
elevation of the level of P , nd ^ ^ 

abnormal elevation of the 1-ve 

- chiect's prognosis by 
4 . , method of assessing a sun eot p ng 

obtaining a biological sample ^rom the ^ 

rhlr: g - indicates the worst 
the three groups, the tniru 

prognosis . 

o enh-iect's prognosis by 

5 - * me r C ai t,zt:z: ,t s ::^, 

obtaining a biological sample whe reby. of 

.aesample.s group using theme thod^o . ^ ^ _ 



the three groups 
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prognos 



is . 



-, i wherein the level 

of dm2 gene amplification 
using probes. 

7 . a method according to claim 6 , wherein the probes 
are antibodies. 

, r1a im 7, wherein the 

8 . A method according to claim 

antibodies are monoclonal. 

, A method accord^, to ^-j^tj^ 

an tibodies are selected £ rom the group consist, 

14 " 18 10 . R monoclon a lanti b odvo £ claima 7 . 2 S, a, 30or 

31 bound to a toxin. 

contacts the btnds tQ the cm „ or . 

conditions such that 

n o q 29, 30 or 
12 . monoclonal antibody of clarm27, 28. 

n Labeled with a detectable marker. 

contacting the tumor to be anClbody binds 

o£ claim 12. under condrt ^ chereto , 

to the tumor and detecting 
thereby imaging the tumor. 

4n a biological sample 
14 . a method o£ detecting » » bl or pre - 

. h nek of becoming cancer 
cancer cells or eel s at r s, ^ ^ ^ ^ p53 

cancerous, wherein the cells 



WO 94/00603 



PCT/US93/06163 



o£ d^ in ^l ^lll Z ^ ^e ESi c whereby a. 
comparison with the le bio logical sample 

normally elevated level of « n the ^ 
indicates cancer cells or cells 
cancerous or pre-cancerous . 

*.« rlaim 14, wherein the 
15 . A method accordrng to olaim • ■ 
el evated level is determined by lim unohrstochemrca 
of the biological sample. 

- - ^,r,r-r.:::;.» 

of dm2 gene amplir icacioii 
using probes. 

17 . A method according to claim 16, wherein the probes 
are nucleic acid probes. 

18 . A method according to claim 16, wherern the probes 
are antibodies. 

- n riaim 18, wherein the 

19 . a method according to claim 

antibodies are monoclonal. 

20 A p53/dm2 complex. 

under ATCC Accession No. HB 11182. 

t ;™ iq wherein the 
„. A method according to clarm 19. - 

monoclonal antibody is produced by hyor.doma 

under ATCC Accession No . HB 11183 . 

io wherein the 
23 . a method according to claim 1. . 
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mo „oclonal antibody i. produced by hybridoma 2,10. deposited 
under ATCC Accession No. HB 11184. 

24 A method according to claim 19, wherein the 
monoclonal antibody is produced by hybridoma 2A S . deposrted 
under ATCC Accession No. HB 11185.. 

25 A method according to claim 19, wherein the 
monoclonal antibody is produced by hybridoma 4B2, deposited 
under ATCC Accession No. HB 11186. 



, 6 A method according to claim 19, wherein the 

3C5, deposited under ATCC Accession No. »B ■ V 

4B11. deposited under ATCC Accession No HB 11183 V 
2A10, deposited under ATCC Accession No. HB 11184 y 
2A9, deposited under ATCC Accession No HB 1 

H . atpp Accession No. HB ixxoo. 

hybridoma 4B2 , deposited under ATCC Acc- 

t-r, rlaim 19, wherein the 
77 A method accordxng to claim 

2 > •_■»-. hhe same epitope or 

, At , a1 antibody comoetes with tne same v 
monoclonal antiooay . mon oclonal antibody 

== r hn?e recognized oy a ^ 
epitopes as those 3 elected from the group consisting 

produced by a hybridoma selected Accession N o. HB 

of hybridoma 3G5, deposited und er ^ ATCC hb 

11182- hybridoma 4B11, deposited under ATCC Acc 

nyonuui A-rrr Accession No. HB 

H183, hybridoma 2A10. deposited under ATCC Acc ^ 

U184, hybridoma 2A9 . ^^"^ Mce3si o„ «o. 
H185; and hybridoma 4B2, deposrted unaer ATCC 



HB 11186. 



9 7 wherein the competing 

23 . A method according to clarm 27, wher or 

mon oclonal antibody blocks between ^ by 
eoitopes recognized by the monoclonal antibody 



' WO 94/00603 



PCT7US93/06163 



a bybrldca selected rro. tbe .roup * 
3G5 . deposited under ATCC Accession No. HB 11182 ; 

ATrr Accession No. riB xx-loo/ ^jt 
4B11, deposrted under ATCC ^ hb hybridoma 

2A10, deposited under ATCC Accessro ^ 

j „^ fl r A^CC Accession No. no 
2A9 , deposited under A.CC Accession No. HB 11186. 

hybridoma 4B2, deposited under AT.C Accession 

29 The monoclonal antibody produced by hybridoma 3G5, 
deposited under ATCC Accession No. HB 11182. 

lnnal antibody produced by hybridoma 

30 The monoclonal antiDoay v ,-- 0 , 

„ a-rr-r Accession No. HB 11183. 
4BU, deposited under ATCC Accession 

i«n»l antibody produced by hybridoma 
31 . The monoclonal antiboay p 

2A10, deposited under ATCC Accession No. HB 

32 The monoclonal antibody produced by hybridoma 2A9 , 
deposited under ATCC Accession No. HB 11185. 

33 The monoclonal antibody produced by hybridoma 
deposited under ATCC Accession No. HB 11186. 

i„n*l antibody that recognizes the same 
34. A - nOCl0n ^ s a ^° e y recogniz ed by a monoclonal 
epitope or epitopes as those ^ r g ^ ^ 

antl body Produced by a hybridoma ^ ^ 
consisting of hyoridoma 3G5, depos Acc ession 
HB 11182; hybridoma 4B11, aeposited under 
HB 11183; hybridoma 2A10, deposited under ATC 

HB H184; ^"'^r""-- — 

HB 1H85; and hybrxaoma 4B2 , aep 



No. 
No . 
No , 
No 

Accession No. HB 11186. 



* uv,^ romnetes with the same 
35 . monoclonal antrbody that ^ 

epitope or epitope, as those ""^f./-^ the grou p 
antibody produced by a hybrrooma selected 
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,« deoosited under ATCC Accession 
consisting o£ hybrrdom* 3G ^ ^ Mcession 

No . HB 11182 , hybrrdoma 4BU oe ^ . on 

No . HB 1U83, hybrraoma d d e e o P osited under A TCC Accession 

No . HB 11184 , hybrrdoma 2A9 , dep undar AT CC 

no . HB 11135; and hybrrdoma 4B2, de. 
Accession No. HB 11186. 

, 1 antibody according to claim 35 that 
" A mOn 5 ° 0 C X oTthe epitope or epitopes recognized 
beWe : n 5 °, an tlbody oroduced by a hybridoma selected 
by the monoclonal antrbo y 3G5 _ deposiced under 

£rom the group c^»^ ° J bridoma 4B11 . deposited under 
ATCC Accession No. HB 11 ^ ^ 2Al0f deposi ted under 
AT CC Accession No. HE .11 . . Qma 2A9 , depos ited under 

ATCC Accession No. HB 1" hybr idoma 4B2 , deposited 

ATCC Accession No. HB 11185 , ^ a 
under ATCC Accession No. HB 11186. 

.elected from the group consisting o£ 
37 . A hybrrdoma selected ^ ^ ^ m82; 

hyb rrdoma 3G5. deposited ^under No . HB 11183; 

hyb ridcma 4B11. deposits under ATCC ^ ^ ^ 

hybri doma 2A10, deposrted under A ^ No hb 11185; 

hyb ridoma 2A9, deposited under ATCC lon NO . HB 

and hybridoma 4B2 , deposited under 

11186 . 

• aA hv a monoclonal antibody 

■ 38 . Any epitope "cogn^ed ^ of claims 
selected from the group of monoclonal 

ormized by a monoclonal antibody of 
39. An epitope recognizee oy 



29-33- 



claim 31 
40 . 



A diagnostic kit composing: ^ 
(a) a container comprising an anti p 

• oc a d53 protein; and 
that recognizes a pSJ P ilJ 
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(bV a container comprising an anti-dm2 antibody 
that recognizes a dm2 protein. 

, • h n ? r iaim 40, wherein the 
41. A diagnostic kit of claim 

antibodies are labeled. 

A diagnostic kit of claim 40, further Rising: 
<at a labeled antibody that recognizes the antr- 

d53 antibody; and 
, b) a labeled antibody that recognizes the ant,- 

dm2 antibody. 
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